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Indirect Detection

+ Have we seen DM annihilation?
+ EGRET excess, WMAP haze, 511 keV line, positron excess

+ But there are other explanations, and it’s difficult to prove the
excess is caused by DM annihilation
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Indirect Detection

+ Have we seen DM annihilation?
+ EGRET excess, WMAP haze, 511 keV line, positron excess
+ But there are other explanations, and it’s difficult to prove the
excess is caused by DM annihilation

+ Great way to test a model:
Work out the flux signal, compare with data

+ Difficult to prove a model using indirect detection

+ Can we deduce something about DM, in a model independent
way, from it’s annihilation flux?

+ Total flux of SM particles is an upper limit on the flux from DM
annihilation

4+ Use this to place upper limits on a fundamental property of
DM, the self-annihilation cross section
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Thermal Relic DM
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4+ But this isn’t a hard constraint on {cav)
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Annihilation Flux

+ Annihilation flux from a nearby source:

Thomas Jacques - CosPA 2009 2009.11.1I9



Annihilation Flux

+ Annihilation flux from a nearby source:

Flux in some direction depends on:

Thomas Jacques - CosPA 2009 2009.11.1I9



Annihilation Flux

+ Annihilation flux from a nearby source:

Flux in some direction depends on:

Cross section,

Thomas Jacques - CosPA 2009 2009.11.1I9



Annihilation Flux

+ Annihilation flux from a nearby source:

Flux in some direction depends on:
Cross section,

Integral along the line of sight of the DM density squared,

Thomas Jacques - CosPA 2009 2009.11.1I9



Annihilation Flux

+ Annihilation flux from a nearby source:

Flux in some direction depends on:
Cross section,

Integral along the line of sight of the DM density squared,

The spectrum per annihilation
Thomas Jacques - CosPA 2009 2009.11.1I9



Annihilation Flux

+ Annihilation flux from a nearby source:
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Constraining Annihilation

+ Total flux of standard model particles provides an upper
limit on the flux from DM annihilation

+ Use this to find upper limit on the cross section to a
particular final state

+ Model independent, robust
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Assumptions

+ WIMP DM
+ Annihilates to SM particles
+ Dirac vs Majorana introduces factor of 2: negligible

+ DM density profile
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Density profiles

+ Minimize uncertainty
by looking at large
angular regions

+ Focus on conservative
Kravtsov profile, but
show results for other
profiles
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Observation Regions

4+ Galactic Center

» Our main flux source; lots of data
+ M31 (Andromeda)

> Relatively weak upper limits on  {cav)
+ Cosmic Annihilation

> Diffuse flux from extragalactic DM annihilation
+ Use data from a number of detectors

+ Cover broad range of energies
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4+ Photon line

+ ‘Smoking Gun’
+ Common final state, even if small branching ratio

+ Don’t know branching ratio:
We constrain this channel only

from Mack, Jacques, Beacom, Bell, Yuksel; Phys.Rev.1D78:063542 (2008)
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Neutrino Bound

+ Look at XX — VUV

+ Sets bound on total cross section: Don’t need branching ratio

+ Any other final state produces gamma rays, which are much more
detectable, and will set a stronger upper limit

+ So upper limit on {cav) x Br sets upper limiton {cav)

+ Use diffuse atmospheric neutrino background as the upper limit on
the signal

4+ Cosmic annihilation

Beacom, Bell, & Mack, Yuksel, Horiuchi, Beacom, & Ando,
Phys. Rev. Lett. 99, 231301, 2007. PRD 76, 123506, 2007.
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Neutrino Bound
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Constraints

+ Using Br(yy) = 104,
find a limit on the
total cross section

Thomas Jacques - CosPA 2009
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Positron Excess
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from N. Bell & T. Jacques; Phys.Rev.D79:043507 (2008)
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Positron Excess

«4 Dark Matter Annihilation?

0.3 O AMS (2002)
: . @ ATIC-1,2 (2008) ¥ Tong ef ol (1984) 8
¢ PP TS (20 A Kobayashi (1999) {
+ No antiproton excess 3 1SS (2008) s
0.2 e FERMI (2009) o BETS (2001) V 4+ 5%
/TQ? . . . ° i | T ; T AE/E: 10%
¢ 4 lLarge annihilation cross section = ;s #f*d 2 i I 1
‘ ] |t
2 o L *‘;5. A 17 | .:+ )
E/‘ ol 1 ‘aiﬂ§3 5_0‘_ _1?4@"'12* i P < '. !
= , > B ek oY
S - ! 1 & 2 ';“"}f’ f»iﬂzf'“"lf‘bz
=zAedE A 1 < ® 9 4 { o
g { ~ 100 1 4 X -3 1
@ . ko
% h—ref. 1 *_’ ‘ i 3
£ ® PAMELA ] w |
3 * Aesop (ref. 13) al
& E] ;II‘[\E/IAS\TOO _ — — - conventional diffusive model
0021 v CAPRICE94 [ .
A HEAT94+95 PR TS MG s
* TSO3 ‘
o MASS89 10 100 1000
001 : '\{Iu“e‘rgtTlanxgx‘ll?l87 1 L1 11 llll 1 1 Ll lllll E (Gev)
10-1 1 10 102
Energy (GeV)
from N. Bell & T. Jacques; Phys.Rev.D79:043507 (2008)
Thomas Jacques - CosPA 2009 2009.11.1I9

14



Positron Excess

«4 Dark Matter Annihilation?
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Positron Excess

+ Want to constrain

«4 Dark Matter Annihilation? annihilation to-ete-
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+ No dependence on Magnetic field,
SRF, Diffusion

+ Hard gamma rays near the
endpoint, and background
decreases with energy
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from N. Bell & T. Jacques; Phys.Rev.D79:043507 (2008)
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Internal Brem Spectrum

+ Similar to analysis for gamma-gamma case
100 ¢

+ Different spectrum
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Beacom, Bell, Bertone, Phys.Rev.Lett.94:171301 (2005)
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Constraints
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&

A

21 &
&

2

-2 -1 0 10

10" 10° 10

m, [GeV]

10° 10

3 4

100 10

Thomas Jacques - CosPA 2009

10

||||| T TN T T T TN T T | |Hb|||ﬂ/,|’|||||||| T TN T T
>'\

B /////’ ‘\'\%/’f N
10—18 | g “\.‘90,’} -
B *@ ) \'\‘\@OO n

i '\.\’)O,
- :;-\:‘_.: ]

-
-_—
-
-
_’

Natural Scale

||||| | ||||||I| | ||||||I| | ||||||I| | |||||||| | ||||||I| | |||||||| | ||||||I| L L L
10° 107 10" 10° 10" 10° 10° 10" 10
m_[GeV]

2009.11.19

5

16
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Summary

+ We have placed model independent constraints on the
Dark Matter annihilation cross section to various final
states

+ Examined yy, V1, efe, uf, T

+ yy constraints valid for moderately broad annihilation
spectra

+ Extremely conservative analysis
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